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(57) ABSTRACT

A rubber stopper for a waterproof connector includes: a first
clastic member including a first contact face, and first wire
fitting grooves each having an arc cross-section; and a second
clastic member including a second contact face and second
wire {itting grooves each having an arc cross-section. When
the first contact face contacts the second contact face, circular
cross-section 1s formed by the arc cross-sections of the first
and second wire fitting grooves to fit wires into the first and
second wire fitting grooves. Arc length of the arc cross-sec-
tion of the first wire fitting groove 1s different from arc length
of the arc cross-section of the second wire {itting groove so
that a center of the circular cross-section 1s disposed away
from the first and second contact faces in a direction perpen-
dicular to an extending direction of the first and the second
contact faces.

4 Claims, 4 Drawing Sheets
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RUBBER STOPPER FOR WATERPROOF
CONNECTOR AND WATERPROOF
CONNECTOR

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a rubber stopper for a
waterprool connector for the purpose of waterproofing elec-
tric wires which are equipped with terminal clamps at their
ends, from an inlet side where the electric wires are inserted
into the connector, and the waterprootf connector employing
this rubber stopper.

2. Background Art

Various electrical appliances are mounted on a vehicle
body of an automobile. For the purpose of supplying electric
power for actuating these electrical appliances, and sending
control signals, there 1s arranged a wire harness including a
number of electric wires bundled. A connector for connecting,
the electric wires to the electrical appliances 1s provided at an
end of the wire harness. This connector generally includes
terminal clamps formed of metal having favorable electrical
conductivity, an msulating connector housing for containing
a plurality of the terminal clamps connected to core wires of
the electric wires, and so on. Moreover, the connector has a
cylindrical shape or a box-like shape.

Recently, 1n view of diversification of customers” needs
and 1n order to improve global environment, variety of the
above described electrical appliances to be mounted has more
and more increased, and accordingly, high reliability, light-
weight, versatility, and compactness of the electrical appli-
ances has been more keenly required. Particularly, there 1s a
tendency to concentrate an ECU (Electronic Control Unit) in
an engine room. In case where the ECU 1s concentrated in the
engine room, 1t 1s a serious problem to secure heat resistance
of various constituent elements of the electrical appliances,
such as an IC, and to reliably secure waterproofing perfor-
mance against rainwater, car wash, etc.

As a waterprool connector for securing the waterproofing
performance of the above described problem, a waterproof
connector employing a pair of rubber stoppers 1n a two split
mold which are provided with arc-shaped fitting grooves for
fitting the electric wires has been heretofore proposed. The
waterproof connector of this type employing the rubber stop-
pers 1n the two split mold 1s disclosed 1n the following patent

documents, for example.
|Patent Document 1] JP-A-10-284168

| Patent Document 2| JP-A-2000-323229

| Patent Document 3| JP-A-2006-302850

In the aforesaid Patent Document 1, there 1s proposed a
waterprool connector including a connector body which con-
tains a plurality of terminal clamps connected to electric
wires and arranged in parallel, and a rubber plug which 1s
fitted to a recessed part provided on a connection side of the
clectric wires. The rubber plug 1s provided with wire fitting
grooves for respectively fitting haltf peripheral parts of the
clectric wires, on respective contact faces of a pair of split
mold bodies which are formed in the two split mold. It 1s
turther disclosed that rubber plug pressing grooves are pro-
vided at an intermediate position between the two adjacent
wire fitting grooves on the outer peripheral surface of the
rubber plug, and pressing ribs adapted to be engaged with
these rubber plug pressing grooves are provided on an inner
face of the recessed part of the connector body. It 1s further
described, 1 Patent Document 1, that when the rubber plug
consisting of a pair of the split mold bodies having the electric
wires mserted into the wire fitting grooves 1s fitted into the
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recessed part of the connector body, the pressing ribs are
engaged with the rubber plug pressing grooves to further
compress the rubber plug, whereby waterproofing perfor-
mance of contact parts between the electric wires and the split
mold bodies of the rubber plug 1s improved.

In the aforesaid Patent Document 2, there 1s proposed a
rubber plug 1n a two split mold formed with electric wire
insertion holes having a semicircular sectional shape into
which electric wires equipped with terminal clamps are
iserted. It 1s disclosed that this rubber plug in the two split
mold 1s divided at a plane traversing the electric wire insertion
holes, and coupled by a hinge so as to be opened and closed.
For assembling this rubber plug, as a first step, the terminal
clamps connected to the electric wires are inserted 1nto cavi-
ties 1n a housing. Then, the electric wires are clamped by the
clectric wire insertion holes of the rubber plug 1n the two split
mold, and thereafter, the rubber plug 1n a closed state 1s fitted
into a common inlet of the housing.

In the aforesaid Patent Document 3, there i1s proposed a
waterproodf packing 1n a two split mold which 1s coupled by a
hinge at one side and provided with electric wire insertion
holes having a semicircular sectional shape on 1inner faces of
the waterproof packing which form contact faces, wherein a
thermoplastic adhesive 1s turther adhered to the contact faces,
the electric wire insertion holes and an outer peripheral faces
of the waterproof packing. In the invention disclosed 1n Patent
Document 3, the waterprool packing 1n the two split mold
having the electric wires equipped with the terminal clamps
inserted into the wire msertion holes 1s mnserted 1nto an outer
housing of a waterproof connector, and heat 1s added to the
thermoplastic adhesive from outside, whereby the thermo-
plastic adhesive which 1s adhered to the wire insertion holes 1s
melted thereby to bond and fix outer peripheral faces of the
clectric wires to 1nner peripheral faces of the wire 1nsertion
holes.

At the same time, the thermoplastic adhesive adhered to the
outer peripheral face of the waterproof packing 1s also melted
thereby to bond and fix the outer peripheral face of the water-
prool packing to an inner peripheral face of a packing con-
tainer in the outer housing, whereby waterproofing perfor-
mance between the electric wires and a mounting side of the
connector housing 1s enhanced.

Therubber plug (or the waterprootf packing) in the two split
mold as 1s disclosed 1n the aforesaid Patent Documents 1 to 3
1s equally divided 1n two, and so, the wire insertion holes for
clamping the electric wires which are formed on the contact
faces have a semicircular shape 1n cross section. This will be
described referring to FIGS. 6 A and 6B. Wire insertion holes
23a ...2356 ... which are formed between contact faces 22a,
22b of a pair of upper and lower rubber plugs (rubber stop-
pers) 21a, 216 have a semicircular or a substantially semicir-
cular shape. Therefore, when the contact faces of a pair of the
upper and lower rubber plugs 21a, 215 contact each other,
alter electric wires 24 having a circular sectional shape have
been inserted nto spaces in a cylindrical shape which are
formed by the opposed wire mnsertion holes 23a and 235,
there has been such possibility that positional deviations 23
may occur on the contact faces 22a, 2256 between the adjacent
wire 1nsertion holes 23a or 2354, as shown 1n FIG. 6B.

The reason why the positional deviations 235 occur on the
contact faces 22a, 226 of the conventional rubber stoppers
21a, 2156 1n the two split mold 1s as follows. Operation for
inserting the electric wires 24 into the wire isertion holes
23a ...,23bH ... which are formed on the contact faces 22a,
22b of the rubber stoppers 21a, 215 in the two split mold 1s
conducted 1n the following manner.
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As a first step, the electric wires 24 are inserted into the
wire 1nsertion holes 2356 . . . of the rubber stopper 215 at a
lower side, as shown 1in FIG. 6 A, and thereatter, the rubber
stopper 21q at an upper side 1s mated to the rubber stopper 215
at the lower side. Because the wire insertion holes 23a formed
in the upper rubber stopper 21a have a semicircular or a
substantially semicircular shape, an area where the semicir-
cular-shaped parts come into contact with surfaces of the
clectric wires 24 1s increased, when conducting this operation
for mating the upper rubber stopper 21a to the lower rubber
stopper 215, after the electric wires 24 have been inserted 1into
the wire 1nsertion holes 2356 of the lower rubber stopper 215.
Therefore, there has been such a risk that the positional devia-
tions 25 may occur due to contact resistance between the wire
insertion holes 23a and the surface of the electric wires 24.
When such positional deviations 23 as shown in FIG. 6B have
occurred, gaps are formed between the contact faces 22a, 225
of the rubber stoppers 21a, 215 in the two split mold, and
waterproofing performance will be deteriorated.

SUMMARY OF THE INVENTION

In view of the circumstances, an object of the imnvention 1s
to provide a rubber stopper for a waterprool connector in
which the rubber stopper including a pair of split mold bodies
1s employed and occurrence of such inconvemences as 1n the
aforesaid related art 1s prevented, and the waterproof connec-
tor provided with this rubber stopper.

In order to attain the above described object, there 1s pro-
vided according to the invention, a rubber stopper for a water-
prool connector, including:

a first elastic member including a first contact face, and first
wire fitting grooves each having an arc cross-section; and

a second elastic member 1including a second contact face
and second wire {itting grooves each having an arc cross-
section,

wherein when the {first contact face contacts the second
contact face, circular cross-section 1s formed by the arc cross-
sections of the first and second wire fitting grooves to fit wires
into the first and second wire fitting grooves; and

wherein arc length of the arc cross-section of the first wire
fitting groove 1s different from arc length of the arc cross-
section of the second wire fitting groove so that a center of the
circular cross-section 1s disposed away from the first and
second contact faces 1n a direction perpendicular to an
extending direction of the first and the second contact faces.

Further, according to the invention, the rubber stopper fur-
ther includes a third elastic member including a third contact
face, and third wire fitting grooves each having an arc cross-
section, and a fourth contact face, and fourth wire fitting
grooves each having an arc cross-section are provided on an
opposed surface of the first or second contact faces, when the
third contact face contacts the fourth contact face, circular
cross-section 1s formed by the arc cross-sections of the third
and fourth wire fitting grooves, and arc length of the arc
cross-section of the third wire fitting groove 1s different from
arc length of the arc cross-section of the fourth wire fitting
groove so that a center of the circular cross-section 1s dis-
posed away from the third and fourth contact faces in a
direction perpendicular to an extending direction of the third
and the fourth contact faces.

Still further, the first contact face has one of a convex part
and a concave part, and the second contact face has the other
ol the convex part and the concave part to be fixed into the one
ol the convex part and the concave part.

Moreover, a waterproot connector according to the mven-
tion includes a connector housing into which the wires
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equipped with terminal clamps are inserted, and the connec-
tor housing includes a rubber stopper container into which the
rubber stopper as mentioned above 1s inserted.

The rubber stopper for the waterprool connector according,
to the invention 1s constructed 1n such a manner that when the
clectric wire 1s clamped by the wire fitting grooves which are
formed on the contact faces of a pair of the split mold bodies
formed of elastic material, a center part of the clamped elec-
tric wire 1s separated by a determined distance 1n a up/down
direction from the contact faces of a pair of the split mold
bodies. As the results, 1t 1s possible to rigidly hold the electric
wire 1n tight contact over 1ts surface area exceeding a half
peripheral part thereof, by the split mold body 1n which the
wire fitting groove having a longer arc-shaped part 1n cross
section 1s formed. At the same time, the contact faces of a pair
ol the split mold bodies positioned between the adjacent wire
fitting grooves can be made longer, as compared with the
conventional rubber stopper which 1s equally divided 1n two,
and hence, waterproofing efiect between the contact faces of
the split mold bodies can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more apparent by describing 1n detail preferred
exemplary embodiments thereof with reference to the accom-
panying drawings, wherein like reference numerals designate
like or corresponding parts throughout the several views, and
wherein:

FIG. 1A 1s an exploded perspective view for describing a
structure of the rubber stopper for the waterproot connector
according to an embodiment of the invention;

FIG. 1B 1s a side view for describing the structure of the
rubber stopper for the water proof connector according to the
invention in a state where electric wires are clamped by wire
fitting grooves;

FIG. 2 1s a side view for describing the structure of the
rubber stopper for the waterproof connector according to the
invention in a state where it 1s 1mnserted 1nto a rubber stopper
container of the waterproof connector;

FIG. 3 1s an exploded perspective view for describing a
structure of the rubber stopper for the waterprootf connector
according to the invention in another embodiment;

FIG. 4 1s a side view for describing a structure of the rubber
stopper for the waterproof connector according to the mven-
tion 1n still another embodiment;

FIG. 5 1s a perspective view for describing an example of a
structure of the waterproof connector in which the rubber
stopper for the waterprool connector according to the inven-
tion 1s employed;

FIG. 6A 1s a side view for describing a structure of a
conventional rubber stopper for a waterproot connector; and

FIG. 6B 1s a side view for describing occurrence of devia-
tions on contact faces when the electric wires are inserted into
the wire fitting grooves i the structure of the conventional
rubber stopper for the waterproof connector.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

Now, embodiments of the invention will be described refer-
ring to the drawings. FIG. 1A 1s a perspective view showing a
rubber stopper for a waterprool connector including a pair of
split mold bodies 1n an embodiment according to the inven-
tion, and FIG. 1B 1s a side view showing a state where electric
wires are clamped by the rubber stopper for the waterproof
connector mncluding a pair of the split mold bodies.
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A rubber stopper 1 for a waterprool connector as shown 1n
FIGS. 1A and 1B includes a pair of an upper split mold body
2 and a lower split mold body 3. A plurality of wire fitting
grooves 4 and S having an arc-like shape 1n cross section are
provided 1n parallel at a determined interval so as to be
opposed to each other, on opposed faces (hereinatter, referred
to as contact faces) 2a, 3a of the upper and lower split mold
bodies 2, 3 to be mated. These wire fitting grooves 4, 5 are
formed 1n such a manner that when the contact faces 2a, 3a of
the upper and lower split mold bodies 2,3 have been mated,
the opposed wire fitting grooves 4, 5 are positioned (opposed)
so as to form a circular shape or a substantially circular shape
in cross section. A diameter of the circular sectional shape
which 1s formed by the wire fitting grooves 4, 5 when the
upper and lower split mold bodies 2, 3 have been mated 1s set
to be smaller than a diameter of an electric wire 6 to be
inserted into the wire fitting grooves 4, 5. As shown in FIG.
1A, the contact faces 2a, 3a of the upper and lower split mold

bodies 2, 3 are 1n a form of a flat contact face having a width
A.

The rubber stopper 1 for a waterprooi connector according
to the mvention including a pair of the aforesaid upper and
lower split mold bodies 2, 3 1s characterized 1n that a plurality
of the wire fitting grooves 4, 5 having the arc-like shape 1n
cross section respectively formed on the contact faces 2a, 3a
of the split mold bodies 2, 3 are different from each other 1n
the sectional shape, as shown i FIG. 1B. Specifically, a
length of an arc-shaped part of the wire fitting groove which
1s formed on the contact face of one of the split mold bodies
2, 3 1s made larger than a length of an arc-shaped part of the
wire fitting groove which 1s formed on the contact face of the
other split mold body.

In other words, when the upper and lower splitmold bodies
2, 3 have been mated at the contact faces 2, 3, a center position
O of a circular sectional shape formed by the opposed wire
fitting grooves 4, 5 (corresponding to a center position of the
clectric wire 6 which has been inserted into the wire fitting
grooves 4, 3) 1s set at a position separated from the contact

face 2a or 3a by a determined distance L 1n up/down direc-
tion, as shown 1n FIG. 1B.

In an example as shown 1n FIG. 1B, the length of the
arc-shaped part 1n cross section of the wire fitting groove 4
which 1s formed 1n the split mold body 2 arranged at a lower
side of a pair of the upper and lower split mold bodies 2, 3 1s
made larger than the length of the arc-shaped part in cross
section of the wire fitting groove S which 1s formed 1n the split
mold body 3 arranged at an upper side. In short, the center
position O of the circular shape in cross section which 1s
tormed by the opposed wire fitting grooves 4, 5 1s at a position
separated from the contact face 2a or 3a by the distance L.

A pair of the upper and lower split mold bodies 2, 3 which
compose the rubber stopper 1 for a waterproof connector can
be formed of elastic maternial having a determined collapsing
allowance, for example, synthetic resin such as 1s silicone
rubber material, fluorine rubber material, acryl rubber mate-
rial, etc. Moreover, the split mold bodies 2, 3 can be produced
from the synthetic resin material by injection molding.

Then, operation of the above described rubber stopper 1 for
the waterproof connector 1n an embodiment will be
described. FIG. 1B shows a state where the electric wires 6
equipped with terminal clamps are inserted into the wire
fitting grooves 4, 5 which are formed on the contact faces of
the upper and lower split mold bodies 2, 3, and clamped by the
upper and lower split mold bodies 2, 3. When operation for
assembling the waterproof connector 1s conducted, this rub-
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6

ber stopper 1 for the waterproof connector 1s press-fitted into
a rubber plug container which 1s provided 1n a housing of the
waterprool connector.

Operation for inserting the electric wires 6 equipped with
the terminal clamps into the wire fitting grooves 4, 5 of the
split mold bodies 2, 3 can be carried out according to the
following steps 1 to 2.

(Step 1)

As a first step, the electric wires 6 are 1nserted into the wire
fitting grooves 4 which are formed 1n the lower split mold
body 2 out of a pair of the upper and lower split mold bodies
2, 3 which compose the rubber stopper 1 for the waterproof
connector as shown 1n FIG. 1B. Although an opening of each
the wire fitting groove 4 1n the lower split mold body 2 1s
smaller than a diameter of a semicircle, the electric wire 6 can
be 1mnserted 1nto the wire fitting groove 4 because ol appropri-
ate elasticity of the rubber stopper 1 for the waterproot con-
nector. Onthis occasion, a part of the electric wire 6 which has
been inserted into the wire fitting groove 4 1s exposed from the
contact face 2a of the lower split mold body 2.

(Step 2)
Then, the wire fitting groove 5 formed 1n the upper split
mold body 3 1s put on the electric wire 6 which 1s exposed

from the contact face 2a, whereby mating of the upper and
lower split mold bodies 2, 3 1s conducted.

In the above described step (1), the arc-shaped part in cross
section of the wire fitting groove 4 which 1s formed in the
lower split mold body 2 1s set to be longer than the arc-shaped
part 1n cross section ol the wire fitting groove 5 which 1s
formed 1n the upper split mold body 3. Therefore, 1t 1s pos-
sible to stably clamp a part exceeding a half periphery of an
outer peripheral face of the electric wire which has been
inserted into the wire fitting groove 4.

As described above, the arc-shaped part 1n cross section of
the wire fitting groove 5 which 1s formed 1n the upper split
mold body 3 1s set to be shorter than the arc-shaped part of the
semicircular shape. Therefore, 1n the above described step
(2), the operation for putting the wire fitting groove 5 which 1s
formed 1n the upper split mold body 3 on the electric wire 6
which 1s exposed from the contact face 2a of the lower split
mold body 2 can be very easily performed, without applying
a pressure. As the results, 1t 1s possible to prevent occurrence
of the aforesaid positional deviations 25 (See FIG. 6B)
between the contact faces 2a, 3a of a pair of the upper and
lower split mold bodies 2, 3.

FIG. 2 shows a pair of the upper and lower split mold
bodies 2, 3 (the rubber stopper 1 for the waterprool connec-
tor) 1n which the electric wires 6 equipped with the terminal
clamps are clamped between the wire fitting grooves 4, 3, 1n
a state where they have been press-fitted 1nto a rubber plug
container 7 (shown by a phantom line) provided 1n a connec-
tor housing which 1s a main body of the waterproof connector.
As shown 1n FIG. 2, the rubber stopper 1 for the waterproof
connector which 1s contained 1n the rubber plug container 7 1s
compressed and elastically deformed so that its outer periph-
eral face may fit to a shape of an inner peripheral face of the
rubber plug container 7 and come 1nto tight contact with the
inner peripheral face of the rubber plug container 7. Follow-
ing this elastic deformation, the contact faces 2a, 3a and the
wire fitting grooves 4, 5 of a pair of the upper and lower split
mold bodies 2, 3 are also elastically compressed, and there-
fore, the contactfaces 2a, 3a, the wire fitting grooves 4, 5, and
the outer peripheral faces of the electric wires 6 are brought
into tight contact to each other without any gap, whereby high
waterproofing effect can be obtained.
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As described above, the contact face 2a (3a) 1s separated
from the center position O of the circle in cross section
formed by the wire fitting grooves 4, 5, by the distance L. It1s
desirable to set this distance L so as to satisty A-B<=0.6 mm,
provided that A 1s a width of the contact face 2a (3a) of the
upper and lower split mold bodies 2, 3, and B 1s a distance
between the electric wires 6 when the electric wires 6 have
been 1nserted into the wire fitting grooves 4. The reason why
1s because workability of fitting the electric wires 6 into the
wire {itting grooves 4 1s deteriorated, 1n case where the width
A 1s too large, although contact effect between the contact
faces 2a, 3a 1s enhanced by setting the width A as large as
possible. Therefore, it would be desirable to set this distance
L. so as to satisty A—-B<=0.6 mm.

In case where the rubber stopper 1 for the waterproof
connector according to the imvention 1s applied to the water-
proof connector 1n which the electric wires 6 equipped with
the terminal clamps are contained in a matrix form in both
vertical and lateral directions, the following structure, for
example, can be employed. As shown 1n an exploded front
view 1n FIG. 3, a determined number of intermediate rubber
stoppers 10a, 105, 10c may be arranged between a pair of the
upper and lower split mold bodies 2, 3. The intermediate
rubber stoppers 10a, 105, 10¢ are 1n the same shape and
formed of elastic material such as silicone rubber material,
fluorine rubber material, silicone rubber material, etc. 1n the
same manner as the upper and lower split mold bodies 2, 3.

As shown 1n FI1G. 3, the wire fitting grooves 5 are formed at
a determined interval on contact faces of the intermediate
rubber stoppers 10a, 105, 10¢ at a lower side, 1n the same
matter as the contact face 3a of the split mold body 3 as shown
in FIG. 1. In short, the wire fitting groves 5 as shown 1n FIG.
3 correspond to the wire fitting grooves 31n FIG. 1. Moreover,
the wire fitting grooves 5 formed on the lower contact faces of
the intermediate rubber stoppers 10a, 1056, 10c¢ are provided at
positions opposed to the wire ﬁtting grooves 4 which are
formed on the contact face of the lower split mold body 2 as
shown 1n FIG. 3.

In the same manner, the wire fitting grooves 4 are formed at
a determined interval on contact faces of the intermediate
rubber stoppers 10a, 105, 10¢ at an upper side, 1n the same
manner as the contact face 2a of the split mold body 2 as
shown in FIG. 1. In short, the wire fitting groves 4 as shown in
FIG. 3 correspond to the wire fitting grooves 4 1n FIG. 1.
Moreover, the wire fitting grooves 4 formed on the upper
contact faces of the mtermediate rubber stoppers 10a, 105,
10c are provided at positions opposed to the wire fitting
grooves 3 which are formed on the contact face of the upper
split mold body 3 as shown 1n FIG. 3.

Further, locking members 104 are fixed to opposite ends of
the intermediate rubber stoppers 10a, 105, 10c. Further, the
split mold body 2 at the lower side 1s fixed to a rubber stopper
locking frame 11 provided with two locking struts 11a, 115
which are uprightly extended from both side ends thereof.

In case of waterproofing the electric wires 6 equipped with
the terminal clamps, by employing the rubber stopper 1 for
the waterproof connector having the structure as shown in
FIG. 3, the rubber stopper 1 can be assembled according to the
followmg steps 3 to 7.

(Step 3)

The electric wires 6 are inserted into the wire {fitting
grooves 4 which are formed 1n the lowermost split mold body
2. Although an opening of each the wire fitting groove 4 1n the

lower split mold body 2 1s smaller than a diameter of a
semicircle, the electric wire 6 can be inserted into the wire

fitting groove 4 because of appropriate elasticity of the rubber
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stopper 1 for the waterprool connector. On this occasion, a
part of the electric wire 6 which has been inserted into the
wire fitting groove 4 1s exposed from the contact face 2aq of the
lower split mold body 2.

(Step 4)

Then, the wire fitting grooves 5 formed on the contact face
at the lower side of the intermediate rubber stopper 10a are
put on the electric wires 6 which are exposed from the contact
face 2a out of the electric wires 6 which have been inserted
into the wire fitting grooves 4 of the lower split mold body 2
in the step 3, and the split mold body 2 1s mated to the lower
face of the intermediate rubber plug 10q. In this manner, the
clectric wires 6 can be contained 1n tight contact 1nside the
parts having a circular sectional shape formed by the opposed
wire fitting grooves 4, 5. On this occasion, the locking mem-
bers 104 fixed to the opposite ends of the intermediate rubber
body 10a slide between the two locking struts 11a, 115 so that
the intermediate rubber body 10a may be tightly contacted
with the lower split mold body 2.

(Step 5)

Then, the electric wires 6 are inserted into the wire fitting,
grooves 4 which are formed on the upper face of the interme-
diate rubber body 10a which has been brought into tight
contact with the lower split mold body 2 1n the step 4.

(Step 6)

Then, the wire fitting grooves 5 formed on the contact face
at the lower side of the intermediate rubber stopper 1056 are
put on the electric wires 6 which are exposed from the upper
contact face of the intermediate rubber stopper 10a out of the
clectric wires 6 which have been 1nserted into the wire fitting
grooves 4 onthe upper face of the intermediate rubber stopper
10qa 1n the step 5, and the upper face of the intermediate rubber
plug 104 1s mated to the lower face of the intermediate rubber
stopper 105. In this manner, the electric wires 6 can be con-
tained 1n tight contact inside the parts having a circular sec-
tional shape formed by the opposed wire fitting grooves 4, 5.
On this occasion, 1n the same manner as described above, the
locking members 104 fixed to the opposite ends of the inter-
mediate rubber body 106 slide between the two locking struts
11a, 115 so that the intermediate rubber body 1s 106 may be
tightly contacted with the intermediate rubber stopper 10a.

(Step 7)

Then, following the same steps, the intermediate rubber
stopper 10c¢ 1s tightly fitted to the upper contact face of the
intermediate rubber stopper 105, and further, the uppermost
split mold body 3 1s tightly fitted to the upper contact face of
the intermediate rubber stopper 10c. In this manner, 1t 1s
possible to form a waterprool mechanism 1n which the elec-
tric wires 6 equipped with the terminal clamps are clamped by
the rubber stopper 1 for the waterproof connector 1n a matrix
shape.

In the embodiment of the rubber plug 1 for the waterproot
connector as shown 1n FIG. 3, the respective opposite sides of
the upper and lower split mold bodies 2, 3, and the interme-
diate rubber stoppers 10a, 105, 10¢ are fixed by the locking
struts 11a, 115. As the results, 1t 1s possible to prevent posi-
tional deviations of these split mold bodies 2, 3, and the
intermediate rubber stoppers 10a, 105, 10¢c, when they are
assembled.

Then, referring to FIG. 4, another embodiment of the rub-
ber stopper for the waterprool connector according to the
invention will be described. The embodiment as shown 1n
FIG. 4 1s characterized in that convex parts 8 projecting in a
vertical direction and concave parts 9 recessed in the same
vertical direction are provided between the adjacent wire




US 7,699,653 B2

9

fitting grooves on the contact faces 2a, 3a of the upper and
lower split mold bodies 2, 3, and when the upper and lower
split mold bodies 2, 3 are mated along the contact faces 2a, 34,
the convex parts 8 provided on the one contact face 2a are
engaged with the concave parts 9 provided on the other con-
tact face 3a. It 1s preferable that the convex parts 8 and the
concave parts 9 are formed along an entire length in the
longitudinal direction of the contact faces 2a, 3a of the split
mold bodies 2, 3, that 1s, 1n the longitudinal dlrectlon of the
electric wires 6.

In the embodiment as shown 1n FIG. 4, the convex part 8
and the concave part 9 are provided on the contact face 2a of
the lower split mold body 2, while the concave part 9 and the
convex part 8 adapted to be engaged with the convex part 8
and the concave part 9 which are provided on the contact face
2a of the lower split mold body 2 are provided on the contact
face 3a of the upper split mold body 3. However, it 1s also
possible to provide the concave parts 9 on the contact face 24
of the lower split mold body 2, while the convex parts 8 are
provided on the contact face 3a of the upper split mold body
3. Moreover, although not shown 1n FIG. 4, 1t 1s also possible
to provide the aforesaid convex parts 8 and concave parts 9 at
both opposite ends of the contact faces of the upper and lower
split mold bodies 2, 3.

In the rubber stopper 1 for the waterproof connector as
shown 1n FIG. 4, when the electric wires 6 are inserted into the
wire fitting grooves 4 formed on the contact face 2a, a later-
ally extending stress 1s exerted on the lower splitmold body 2,
whereby a width of the concave part 9 which 1s formed on the
contact face 2a of the lower split mold body 2 1s reduced.
Then, the wire fitting grooves 5 formed in the upper splitmold
body 3 are put on the electric wires 6 which are exposed from
the contact face 2a, and the aforesaid convex parts 8 and
concave parts 9 are respectively engaged thereby to mate the
upper and lower split mold bodies 2, 3. On this occasion, the
contact faces 2a and 3a of the upper and lower split mold
bodies 2, 3 are rigidly contacted with each other, and water-
proofing effect between the contact faces 2a and 3a can be
turther improved.

Then, referring to FIG. 5, a structure of the waterproof
connector employing the rubber stopper 1 for the waterproof
connector according to the invention will be described. FIG.
5 1s a perspective view showing a state where the electric
wires 6 equipped with the terminal metals (not shown) are
clamped by the rubber stopper 1 for the waterproof connector
according to the invention, and inserted into a rubber plug
container which 1s provided 1n a connector housing of a
waterprool connector 12 formed of synthetic resin. Although
not shown in the drawing, terminal containing chambers
which contain the terminal clamps connected to the electric
wires 6 are arranged 1n a matrix form both 1n the vertical and
lateral direction, 1in the connector housing of the waterproof
connector 12.

Operation for assembling the waterprool connector as
shown 1n FIG. 5 can be conducted according to the following
steps, for example.

(1) As a first step, the terminal clamps connected to the
clectric wires 6 are respectively inserted into the terminal
contaiming chambers which are provided in the connector
housing of the waterproof connector 12.

(2) Then, the electric wires 6 equipped with the terminal
clamps are clamped by the rubber stopper 1 for the waterproof
connector according to the aforesaid steps 3 to 7.

(3) Thereatter, the rubber stopper 1 for the waterproof
connector 1s mserted into the rubber stopper container which
1s provided at an 1nlet of the connector housing of the water-
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prool connector 12. The waterprool connector as shown in
FIG. S can be assembled according to the above described
steps 1 to 3.

In the above described embodiment as shown 1n FIG. 3, 1in
case where the lower split mold body 2, the intermediate
rubber stoppers 10a, 105, 10c¢, and the upper split mold body
3 are Superpo sed 1n the vertical direction to form a laminated
structure, 1t 1s possﬂ:ﬂe to apply an adhesive agent formed of
thermosetting resin or the like to the opposed contact faces
thereby to bond these contact faces, so that the waterproofing
performance may be further enhanced.

Further, although the case wherein the split mold bodies 2,
3, and the mtermediate rubber stoppers 10a, 105, 10¢c which
compose the rubber stopper for the waterprool connector
according to the mnvention are formed of elastic material such
as silicone rubber material, fluorine rubber material, acryl
rubber material has been described, the rubber stopper for the
waterprool connector according to the invention may be
tformed 1n the following manner. Specifically, the split mold
bodies 2, 3, and the intermediate rubber stoppers 10a, 105,
10c may be formed of hard synthetic resin. Then, elastic seal
coating layers formed of silicone rubber material, fluorine
rubber material, acryl rubber material etc. may be formed on
surfaces of the split mold bodies 2, 3 and the intermediate
rubber stoppers 10a, 105, 10c which are formed of the hard
synthetic resin thereby to form the rubber stopper for the
waterprool connector.

What 1s claimed 1s:

1. A rubber stopper for a waterprool connector, compris-
ng:

a first elastic member including a first contact face, and first

wire fining grooves each having an arc cross-section;
and

a second elastic member including a second contact face
and second wire fitting grooves each having an arc cross-
section,

wherein when the first contact face contacts the second
contact face, circular cross-section 1s formed by the arc
cross-sections of the first and second wire fitting grooves
to fit wires 1nto the first and second wire fining grooves;
and

wherein arc length of the arc cross-section of the first wire
fining groove 1s different from arc length of the arc
cross-section of the second wire fining groove so that a
center of the circular cross-section 1s disposed away
from the first and second contact faces 1n a direction
perpendicular to an extending direction of the first and

the second contact faces.

2. The rubber stopper as claimed 1n claim 1, further com-

prising:

a third elastic member including a third contact face, and
third wire fitting grooves each having an arc cross-sec-
tion,

wherein a fourth contact face, and fourth wire fitting
grooves each having an arc cross-section are provided
on an opposed surface of the first or second contact
faces:

wherein when the third contact face contacts the fourth
contact face, circular cross-section 1s formed by the arc
cross-sections of the third and fourth wire fitting
grooves; and

wherein arc length of the arc cross-section of the third wire
fitting groove 1s different from arc length of the arc
cross-section of the fourth wire fitting groove so that a
center of the circular cross-section 1s disposed away
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from the third and fourth contact faces 1n a direction
perpendicular to an extending direction of the third and

the fourth contact faces.
3. The rubber stopper as claimed 1n claim 1, wherein the
first contact face has one of a convex part and a concave part;

and
wherein the second contact face has the other of the convex

part and the concave part to be fixed into the one of the
convex part and the concave part.

12

4. A waterprooi connector, comprising;

a connector housing into which the wires equipped with
terminal clamps are 1nserted,

wherein the connector housing includes a rubber stopper
container into which the rubber stopper as claimed 1n

claim 1 1s inserted.
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